Introduction
Reduced somatosensory function impairs motor recovery after stroke [9] . In healthy volunteers, somatosensory stimulation enhances excitability as well as activity in the contralateral primary motor [7, 10] and premotor cortices. Somatosensory stimulation improves swallowing [4] in acute stroke, while combined peripheral nerve/brain stimulation can improve leg function in the chronic phase [13] . In patients with chronic predominantly subcortical strokes, 2-hour peripheral nerve stimulation improves pinch force [2] and can enhance use-dependent plasticity [11] . Peripheral nerve stimulation applied to a paretic limb in patients with predominantly subcortical strokes can benefit performance of a functional motor test that mimics activities of daily living [14] . Other forms of somatosensory stimulation have also improved motor function in stroke patients and have been used in clinical practice (for review, see Dobkin [3] ).
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Effects of somatosensory stimulation on motor function in chronic cortico-subcortical strokes j Abstract Somatosensory stimulation enhances aspects of motor function in patients with chronic, predominantly subcortical infarcts. We investigated the effects of somatosensory stimulation on motor function in stroke patients with predominantly cortical involvement in the middle cerebral artery territory in a doubleblind, pseudorandomized crossover trial. Motor performance was evaluated with the Jebsen-Taylor test before, after 2-hour somatosensory stimulation, and after subsequent motor training (n = 11). In one experimental session, patients were submitted to median nerve stimulation (MNS) and in the other session, to control stimulation (CS). The order of the sessions was counterbalanced across patients. Improvement in performance in the Jebsen-Taylor test after somatosensory stimulation and after motor training was significantly greater in the MNS session than in the CS session. Additionally, patients who received MNS in the second session maintained the beneficial effects of training 30 days later. A single MNS session improves hand motor function in patients with chronic cortico-subcortical strokes and appears to favor consolidation of training effects. Somatosensory stimulation may be an adjuvant tool for stroke rehabilitation in patients with cortical lesions. j Key words rehabilitation AE cerebrovascular disorders AE transcutaneous electrical nerve stimulation AE motor skills AE recovery of function Much less information is available on the ability of somatosensory stimulation to modify motor function in patients with predominantly cortical involvement. There is evidence that reorganizational processes may differ in patients with cortical and subcortical lesions [8] and this may effect the response to rehabilitative interventions. To address this issue, we tested the hypothesis that somatosensory stimulation could improve execution of tasks that mimic activities of daily living in patients with predominantly cortical involvement in the middle cerebral artery (MCA) territory.
Methods
Eleven patients with first-time chronic cortico-subcortical strokes participated in the study at Hospital das Clínicas/São Paulo University. Patients signed an informed consent that explained the protocol, which was approved by the local ethics committee and was performed in accordance with standards of the declaration of Helsinki. Patient characteristics and inclusion/exclusion criteria are shown in Tables 1 and 2 . The sensory examination of the affected arm was normal in 3 patients but revealed decreased sensation in the other 8: tactile (4), pain (5), temperature (1), arthrestesia (2), two-point discrimination (4), graphesthesia (4), stereognosis (1). The most representative magnetic resonance images from each patient are shown in Fig. 1 .
Patients participated in a crossover study design receiving periods of 2 h somatosensory stimulation in the form of 1 Hz median nerve stimulation (MNS) at two different intensities (suprathreshold, MNS: target intervention and subthreshold, CS: control intervention) (Fig. 2) . Patients, naïve to the experimental hypotheses, were told that we were testing the effects of two different parameters of stimulation on motor performance. Each patient was submitted to MNS and CS in separate occasions. The order of stimulation sessions was pseudorandomized and counterbalanced across subjects. The interval between CS and MNS was at least 60 days to avoid carry-over effects.
The primary endpoint measure was improvement in scores of the Jebsen-Taylor test (JTT) [6] .The JTT is a valid, reliable and widely used tool to assess hand motor function [5, 6] . The JTT scores the time, in seconds, required to perform seven activities that are relevant for daily living (Fig. 3 ). An additional task of drawing a line between two dots spaced 10 cm apart was performed and, therefore, we denominated the test with eight tasks the modified JTT (JTT m ). Standardized instructions were read to the patients [6] . All JTT m measurements were videotaped. One investigator administered MNS and CS and another investigator, a physical therapist blind to the intervention type, administered motor training and scored JTT m . Accuracy was evaluated and scored by blind review of videotapes. Visual analogue scales (VAS) [12] were used to assess attention, drowsiness and fatigue in the beginning and at the end of each experimental session.
In addition, around 30 days (D30) after the second experimental session, JTT m scores were measured again in 10 of the 11 patients: 5 started with MNS (39 days, range 29-42 days) and 5 with CS (31 days, range 30-38 days).
j Peripheral nerve stimulation MNS and CS were performed with a technique similar to that described in previous studies [2, 7, 14] . Background EMG activity recorded from surface electrodes in the abductor pollicis brevis (APB) muscle was continuously monitored. Surface electrodes were optimally placed to stimulate the median nerve at the wrist in the paretic arm. Initially, the minimum intensity of stimulation at which patients reported paresthesias in the median nerve cutaneous territory (sensory threshold, ST) was measured three times. 1 ms duration electrical pulses were subsequently delivered at 10 Hz (Alfamedic Ltda., São Paulo, Brazil). In the MNS session, stimulus intensity was increased until the maximum at which patients reported strong paresthesias in the median nerve territory in the absence of pain, while compound muscle action potential amplitudes were below 100 lV in the APB. MNS stimulus intensities were 60.6 ± 33.6% above average ST. In the CS session, stimulus intensity was kept immediately 
Results
Baseline JTT m scores were comparable between MNS (89.9 s, 50.7-247.2) and CS (91.0 s, 40.9-215.7) ses- (Table 3) .
ANOVA RM revealed significant effects of INTER-VENTION (F = 8.72, p = 0.0145), showing that improvement in JTT m was greater after MNS than after CS ( Figure 4A ). There was also a significant effect of TIME (F = 39.87, p < 0.0001): improvement after training was greater than improvement immediately after somatosensory stimulation in the MNS session and in the CS session (Fig. 4A) .
There was no significant effect of ORDER (F = 0.25, p = 0.6273), so whether patients were submitted to MNS or CS in the first session did not influence the results. There were no significant interactions INTERVENTION*TIME (F = 3.34, p = 0.0977), ORDER*INTERVENTION (F = 0.28, P = 0.6077) or ORDER*TIME (F = 0.2; p = 0.6653) on JTT m .
Considering only the second session JTT m improvement was maintained at D30 only in patients who received MNS preceding training (24.8 ± 6.4% immediately after training and 21.1 ± 5.6% at D30, p = 0.18, n = 5, Fig 4B) . The five patients submitted to CS in the second session showed a deterioration in JTT m improvement (from 24.3 ± 3.9% to 10.3 ± 7.7% on D30, p = 0.043, Fig 4B) .
Discussion
The main findings of this study were that somatosensory stimulation (a) transiently enhanced motor function in patients with lesions involving sensorimotor cortical areas nourished by the MCA and (b) favored consolidation of training effects when tested 30 days later.
Previous work demonstrated that somatosensory stimulation transiently improves motor function in patients with predominantly subcortical lesions [2, 7, 14] . Our results indicate for the first time that somatosensory stimulation exerts a comparable effect in patients with predominantly cortical involvement. These results suggest that the neuronal resources involved in performance gains in both patient groups are relatively independent of the partial involvement of cortical structures. Possible mechanisms engaged in this effect could include facilitation of sensorimotor integration in the specific nodes that remained healthy or in the alternative motor areas that took over control of the paretic hand after the cortical lesions (for review, see Calautti [1] ).
One additional important and novel finding is that MNS allowed retention of training effects at D30, suggesting that the combination of MNS with motor training may contribute to consolidation of the beneficial effects of rehabilitative treatments based on practice of motor tasks.
Patients were blind to the hypothesis of the study and there were no significant documented order effects. Subthreshold low-frequency stimulation was used as a control in CS to resemble as much as possible the experimental paradigm used for MNS. Peripheral nerve stimulation was very well tolerated in all subjects and baseline performance levels and accuracy were comparable across sessions and interventions. Additionally, interventions did not result in overt decay in attention, fatigue or accuracy despite clear improvements in JTT m .
In the chronic phase after stroke, therapeutic options to decrease motor disability are scarce. In spite of the great heterogeneity of lesions and possible underlying mechanisms of recovery, somatosensory stimulation may contribute to enhance motor performance in patients with chronic cortico-subcortical MCA infarcts. In these patients, somatosensory stimulation may be a potential adjuvant tool for rehabilitation of clinical impact. Phase II trials should further test this hypothesis in a larger sample of stroke patients. 
